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FOREWORD 

This report  presents to the IMP Project  personnel a working 
document explaining the functions of the programmer  in de- 
tail.  Section I is an explanation in general t e r m s  of the over- 
a l l  basic relation of the programmer to the payload. 

Section 11, a documentation of the circui t ry  used in the IMP 
programmer ,  will be of value to those groups interested in a 
de tailed technic a1 description. 

Section 111 is an interface document written specifically for  
those groups who have an electrical  connection to the pro- 
grammer.  This section will  also be of benefit to the Sys- 
t ems  Integration Branch. 
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1. BASIC RELATION TO PAYLOAD 

1 . 1  RELATIVE POSITION IN PAYLOAD 

The p rogrammer  in a spacecraft is positioned, electrically, between 
a portion of the t ime base generator (encoder) functions and certain 
gated o r  t imed functions within the remainder of the payload. 
tion to this position, the IMP programmer is placed between the bat- 
t e r i e s  and the various power converters. 
video input to the telemetry transmitter.  

In addi- 

It will a lso provide the only 

1 . 2  CONTROL OF PAYLOAD 

The discussion of the programmer ' s  control of the payload wi l l  pro-  
ceed logically f rom the batteries to the video input of the telemetry 
t rans  m itt e r . 
Between the batteries and the payload converters l ies the undervoltage 
detector. It is the function of this unit to determine when the batteries 
have decayed to an output of 12v. At this point, a major  portion of the 
payload is turned off for  a period of 8 hours. At the end of 8 hours, the 
payload will automatically turn back on. 
low-l2v, the payload will again be turned off f o r  another period of 8 
hours. 
ficiently to give an output grea te r  than 12v. 
wi l l  remain on. 
ca rd  1, a detailed description of which may be found in Section 2 ,  para-  
graph 2.1. This ca rd  also supplies a cur ren t  to an electrolytic t imer  
which will "kill" the payload after operation of 1 year. 

If the batteries a r e  still be- 

This cycle continues until the batteries have been charged suf- 
At this point, the payload 

This entire c i rcui t  is contained within programmer  

The next consideration will be the direct  link between the programmer 
and the various experiments. 
per iments  only, the rubidium magnetometer and fluxgate magnetometer 
experiments. 

In IMP there is a connection to two ex- 

F rom the programmer ' s  standpoint, the Rb (rubidium) magnetometer 
experiment consists of a McKeen coil system (two magnetic field ref- 
erence coils), a gas cell, and a magnetometer. It is the function of the 
programmer  to supply a plus and a minus calibrating cur ren t  to each of 
the two reference coils to produce a reference magnetic field. The gas  
cell is controlled to a temperature of 42°C by means  of a heating 
coil to which cur ren t  is supplied by the programmer.  The rubidium 
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lamp also receives a 5-second start ing pulse if  it is not operating at 
the beginning of the fourth sequence. * 
The telemetry gating and mixing amplifier receives video f rom the 
encoder and magnetometer-amplifier, conditions it, and passes  i t  to 
the telemetry transmitter.  

The relay section of the programmer  ac ts  in response to signals f rom 
the undervoltage detector o r  the blockhouse, turning the payload either 
on o r  off. 
tension, boom erection mechanisms. 

This section also controls the despin, magnetometer ex- 

1 .3  REDUNDANT FEATURES 

Only those functions vital to the entire payload a r e  made redundant. 
These functions a r e  the undervoltage, despin, boom erection, MTM 
extension circuits,  and the telemetry-gated mixer-amplifier,  Loss  
of any other circuitry would be detrimental  only to certain experi-  
ments namely, the R experiment and the fluxgate calibration. 

If failure of a payload subsystem should cause excessive cur ren t  drain, 
the batteries would deteriorate rapidly, causing the loss of the ent i re  
payload. The undervoltage circuit  protects against this, justifying 
redundancy . 
The telemetry-gated mixer-amplifier i s  the only video input to the 
t ransmit ter ,  thus some protection against failure is needed. Two 
identical circuits a r e  operated on a t ime-sharing basis,  
cuit will drive the t ransmit ter  50 percent of the time. 
of the despin, boom erection and magnetometer extension circuits a r e  
a lso cri t ical  to the entire payload and a re ,  therefore,  made redundant. 

Each c i r -  
The operation 

1.4 RELIABILITY 

Most of the circuits used in  this programmer  have been used in space- 
craf t  before and have proven highly reliable. 
very similar to the one in IMP has been functioning properly in S-51 
(Ariel) since July 12, 1962. This s ame  circui t  has been used in Ex- 
p lorers  XII, XIV, and XV. 

An undervoltage circuit  

c 

* 
See ’IMP PFM Encoder” Revision A, Aug. 6,  1963, by H. D. White 
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All the components used a r e  operated well below their  maximum 
tolerances.  
reliability program. This, coupled with conservative circuit  design, 
ensures  a high degree of circuit  reliability. 

Most of the t rans is tors  used a r e  purchased on a high 

1.5 PHYSICAL STRUCTURE 

The IMP programmer  consists of s ix  main ca rds  (mother boards) 
each containing a number of modules (Figures  2, 6,9,  13, 23 and 26). 
Each  module is connected to the main card  by means of a Micro-D 
(MD) s e r i e s  Cannon connector. The main ca rd  connection to the pay- 
load is by means of a I'D" se r i e s  Cannon connector. Each main card  
is 1 inch in height (with exception of card 6) and of standard IMP pe- 
r ipheral  dimensions (F igures  2, 6 ,9 ,  13, 23 and 26). Three of the main 
ca rds  contain a Micro-D (MD) se r i e s  Cannon connector next to the pay- 
load connector to facilitate monitoring of the programmer  functions 
during integration, test ,  and evaluation. 

2. CIRCUIT FUNCTION AND EXPLANATION 

2.1 CARD 1 (Figures  3,29 and 30) 

2. 1. 1 Undervoltage detector (G11 and G21) (Figure 31) 

The bat tery voltage, applied to pin 3 of this module, is 
means of R1, C l ,  R16 and C3. Without the fi l tering an 
going t ransients  would appear to the detector as an undc 

applies a voltage to the base of Q1 proportional to that 01 che batteries.  
Trans is tors  Q1 and Q2 form a standard Schmitt circuit .  
put (pin 3) reaches a desired level (t 12v) fo r  an undervoltage condition, 
the Schmitt circuit  flips to its other state. 
by the input to  i ts  base. 
causing its collector to be at 12v. 
ever ,  Q2 becomes biased on due to Schmitt action. 
voltage at the collector of QZ to drop. This decrease  in voltage biases 
Q3 on. When Q3 becomes saturated, its collector r i s e s  f rom 0 to + l l v .  
(The loss of about lv is due to  the diode (CR2) drop and the emitter-to- 
collector drop of Q3.) This r i s e  in voltage of the collector of Q3 de- 
velops a positive pulse at pin 9 due to differentiation by C2 and the 
resis t ive load to which pin 9 is connected. 
oscil lator . 

dition. R1, R16, R2, R3 and Q4 form a voltage-divide] . A. 

When the in- 

Normally Q1 is biased on 
In this state Q2 is biased off by R8 and R11 

In an  undervoltage condition, how- 
This causes  the 

This pulse s t a r t s  the decade 
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2. 1 . 2  Decade oscil lator (G31 and G41) (Figure 32) 

In addition to a unijunction oscillator, this module contains the var i -  
ous pulse amplifiers required to drive the undervoltage relay and the 
counter r e se t  function. 

The positive pulse f rom pin 9 of the undervoltage detector en ters  pin 
15 of the decade oscillator turning Q1 on and allowing the "loadoff" 
capacitor to discharge through its anode-to-cathode path. This dis - 
charge develops a pulse at  the cathode of Q1 which is coupled to  the 
gate by R2. The diode C R l  isolates the positive pulse developed at 
the gate of Q1 f rom the r e s t  of the mother card.  
cathode of Q1 drives the "off" coil of a latching relay. CR2 elimi- 
nates the inductive feedback of the relay coil. 
Q2 on. The turn-on of Q2 supplies B+ to the oscil lator and turns  Q 5  
on. 
with the generated positive pulse: rese ts  the magnetic-core counter 
via pin 9 and drives Q6 to saturation. 
of the function of 4 6  is in order.  When the core  counters a r e  reset ,  
they generate a pulse at  pin 2 of the decade oscil lator which would 
turn the payload on again. 
end of the undervoltage t ime (usually 8 hours), a positive pulse f rom 
the magnetic-core counter en ters  pin 2 of the oscil lator module and 
turns  on Q7 which allows the discharge of the "load on" capacitor. 
The positive pulse generated a s  a result  of this discharge turns  the 
payload on via the on coil of the undervoltage latching relay. This 
same pulse causes Q3 to  become saturated. When saturated, it 
shorts  the gate to the cathode of Q2, turning Q2 off and stopping the 
oscillator. 

The pulse at the 

This same pulse turns  

Q 5  allows the discharge of C1 which then per forms two functions 

At this point, an explanation 

4 6  clamps this pulse to ground. At the 

2. 1.3 Magnetic-core counter* (Figure 33) 

The counter used here  is a divide by 10,000 unit. 
of operation is a s  follows. The magnetic core  begins in a negatively 
saturated state and i s  incrementally stepped toward positive satura-  
tion by means of constant volt-second pulses. When positive satura-  
tion occurs, one output pulse is generated and the core  is rese t  to i ts  
negatively saturated condition. If each core  becomes saturated with 

The basic principle 

* 
Developed by General Time Corporation, Stamford, Connecticut. Additional theory and 
explanation of operation may be obtained from J.D. Freeman of General Time Corporation. 
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10 input pulses,  4 such units may be cascaded to achieve division by 
10, 000. 
electronic circuit  that accomplishes this function (F igure  33). A posi- 
tive pulse f rom the decade oscil lator en ters  pin 7 upon initiation of the 
counting sequence, causing the co res  to be saturated negatively. Wind- 
ing N 1  of T1, R1, C1, and SCR-1 constitute the pulse fo rmer  of the 
counter. 
input o r  triggering pulse. A positive pulse at pin 5 turns  SCR-1 on, 
thus discharging C 1 through N1. The pulse thus developed is t rans  - 
former-coupled to N2. 
causes  saturation of the core ,  the blocking oscillator, Q1, is t r ig-  
gered which in turn generates a positive pulse at tap 10 of T1. This 
is inverted in windings N3 and N 4  of T1, presenting a negative pulse 
at tap 11 which turns  Q2 on, coupling the pulse to the next stage. Un- 
like the windings of T1, the remaining co res  a r e  wound so that sa tura-  
tion does not occur until it receives 10 pulses. On the tenth pulse into 
T2, the blocking oscillator is activated, generating a positive pulse at 
tap 19. 
tinues in  a manner s imilar  to that in T1. The positive pulse developed 
by the blocking oscillator a lso returns  the core  to negative saturation. 
After a count of 10, 000, the output f rom this unit is coupled to pin 9 of 
the decade oscil lator,  which turns  the decade oscil lator off, turns  the 
payload on, and rese ts  the undervoltage detector.  

With the above in mind, consider next the operation of the 

I ts  output is a constant volt-second pulse independent of the 

Because T1 is so wound that each input pulse 

It is again inverted through N3 and N4 of T2. The process  con- 

2 . 2  Card  2 (F igures  34 and 35) 

2. 2. 1 Gas-cell  thermal  control (F igures  36 and 42) 

Q l ,  Q2 and Q8 operate in response to the Rb on gate. * When this gate 
is at t6. 7v, Q l  is saturated and Q2 is therefore biased beyond cutoff by 
Vce-saturation of Q1. 
will operate in response to the resistance of the heat sensor  ( thermis tors )  
connected to pin 7. R4, R5 and the heat sensor  form a voltage divider 
whose output drives a Schmitt circuit  (Q3 and Q4). 
the heat sensor increases ,  due to a decrease  in temperature  at the gas 
cell,  the voltage at the base of Q3 increases .  
a cer ta in  level, the Schmitt c i rcui t  flips. In this condition, Q4 is cut 
off and the zener breakdown voltage of D1 is  exceeded. R11, R12, and 
C l  act  as a transient f i l ter .  

In this condition, the remainder of the circuit  

As the resis tance of 

When this voltage reaches 

With the breakdown of the zener,  a voltage 

* 
See IMP PFM Encoder, revision A, August 6, 1962, by H.D. White. 
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is applied to  the emitter-follower, Q5, which in turn dr ives  Q6 and 
Q7 to saturation, completing the circuit  to the gas-cell  heating coils. 
When the Rb on gate is a -2v, Q1 is biased beyond cutoff and Q2 is 
biased on by R2. This simulates a hot condition at the gas cell, open- 
ing the circui t  to the heating coils. 

2.2.2 Magnetometer cal ibrators  

. .  
2. 2. 2. 1 P lus  calibrator (Figure 38) 

The gate (Rbl )  which activates this circuit via pin 4 is +6. 7v at standby 
and -2v in  the active condition. 
voltage is not exceeded, therefore both Q1 and Q2 are biased off and, 
hence, there  is ze ro  voltage at the collector of Q2. 
dition, the zener voltage of CRI is exceeded, driving Q1 and Q2 to sat-  
uration. 
voltage minus Vce-saturation of Q2 or  about 11. 5v. Q3, Q4, Q5, CR2, 
CR3, and CR4 form a voltage regulator fo r  the cur ren t  to be supplied to 
the McKeen coil system of the magnetometer. The res i s tors ,  R13, 
R14, and RL5 determine the proper ratio between the two cur ren ts  sup- 
plied to  a +. 1 percent accuracy. 

In the standby condition, the CR1 zener 

In the active con- 

The voltage at the collector of Q2 is now equal to the supply 

R12 adjusts the total  cur ren t  supplied. 

2.2.2.2 Minus calibrator (Figure 37) 

This unit is activated by the Rb3 gate which is identical to the Rbl  gate, 
except that it occurs  at a different time. 
Q2, and Q3 are biased off, giving Ov output to the regulator c i rcui t  (Q3, 
Q4, Q5, CR2, CR3, and CR4). In the active condition with -2v at pin 4 
Q1 acts  as an emitter-follower and Q2 becomes saturated. Q3 also be- 
comes saturated at this point due to the biasing of R5, R4, and Q2 
(saturation). 
r e s t  of the circuit  is identical to the plus cal ibrator  except that it de- 
l ivers  a minus voltage to the appropriate res i s tors .  

In the standby condition, Q1, 

A minus voltage is now supplied to the regulator. The 

2. 2. 3 Fluxgate cal ibrators  (A&B) (Figures  39 and 40) 

These units are identical except that they are driven by different gates. 
Each cal ibrator  is activated via pin 5 when its respective fluxgate sync 
goes f rom t6.  7v to -2v. 
and R2, resulting in a negative going pulse at the base of Q1. Q1 becomes 

This step in voltage is differentiated by C1 
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saturated by this pulse, causing a positive pulse to occur a t  its col- 
lector. With 
the cathode of Q2 now at about 11. 5v, the emi t te r  of Q3 begins to r i s e  
exponentially to this voltage with a t ime constant approximately equal 
to (R7 + R8) (C4). 
junction (Q3) occurs. At this t ime a positive pulse is generated at B1 
of Q3. This pulse is applied to the base of Q4 via C3 and D1, saturat-  
ing it,  and thus turning Q2 off. The calibrating cur ren t  is taken f rom 
the 500-millisecond t12v pulse generated at  the cathode of Q2. 

C2 couples this pulse to the gate of Q2, turning it on. 

The emit ter  will r i s e  until breakdown of the uni- 

2. 2 .4  Lamp s t a r t e r  (Figure 41) 

This unit is controlled by two signals, one coming f rom the magnetom- 
e t e r  electronics and the other f rom the encoder (Rb on). 
lamp requires a start ing pulse, a z e r o  volt signal f rom ca rd  3 will be 
applied to the base of Q1, turning Q1 off. 
-2v, Q8 becomes back-biased and Q2 is off. In effect, Q1 and Q2 fo rm 
an and gate. With both of them off, their  collectors r i s e  to t12v. This 
r i s e  in voltage is differentiated by C1 and R4, then coupled the gate of 
Q4 by Q3, C2, and R6. Q4, Q5, and Q7  fo rm a one-shot multivibrator 
as explained in the description of the fluxgate calibrators.  In the case  
of the lamp s t a r t e r  gate the one-shot generates a 5-second 1 1 . 5 ~  pulse 
a t  the cathode of Q4, which turns  Q6 off. With Q6 off, there  is ze ro  
voltage at  pin 6, the gate required to s t a r t  oscillations within the lamp. 

If the Rb 

When the Rb on gate is a t  

2.3 Card 3 (Figures  10, 43, and 44) 

Before beginning the circuit  explanation, i t  would be advantageous to 
f i r s t  understand its function. 
The 7 to 15 microvolt signal f rom the photocell is amplified and con- 
ditioned by the magnetometer fi l ter ,  and saturated amplifiers. The 
remaining modules form a feedback network which generates a cur ren t  
(H-1) that will cause an oscillatory condition to exist  in the magnetom- 
eter and its electronics, The frequency of this oscillation is propor- 
tional to the ambient magnetic field and is present  in  the output of the 
photocell. 
to earth.. 

Consider the signal diagram (Figure 10). 

This outputis the basis  for the analog data to be telemetered 

Certain circuits within this ca rd  were originally designed to have a 
phase bandwidth f rom 20 cycles to 70 kc. Since its completion, the 
bandwidth cr i ter ion has  been decreased to 20 cycles to 10 kc. 
of this, i t  would appear that there  is considerable overdesign in these 
circuits.  

Because 
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2. 3. 1 Magnetometer-amplifier (Figure 45) 

Q1 through Q5 a r e  a s e r i e s  of cascaded C las s  A amplifiers which 
have a total  gain of 100 db. The input signal is in the order  of 10 
microvolts. This low-level signal, coupled with the high gain of the 
amplifier, necessitated the use of an additional B+ f i l ter  (R10, C4, 
and C5) in  the first two stages. 46 ,  acting a s  a phase spli t ter ,  p re -  
sents the in-phase and 180 degrees out-of-phase signal to the clamp- 
ing t r ans i s to r s  47 and Q8, respectively. These clamps a r e  alternately 
opened and closed a t  a ra te  dictated by the magnetometer search oscil-  
lator and lockout amplifier (G23). The clamping action allows the out- 
put of the amplifier to  be alternately either in-phase o r  180 degrees  out- 
of-phase with the input signal. This output eventually becomes the H-1 
cur ren t  which is coupled to the H-1 coil through a 90 degree phase 
shifting capacitor. 

2. 3. 2 Magnetometer search  oscillator and lockout amplifier (Figure 46) 

This module controls the search  rate  of clamping t rans is tors  Q7 and Q8 
of the magnetometer amplifier G13. It a lso stops the searching when 
the phase of the photocell signal causes oscillation of the Rb magnetom- 
e t e r  and its electronics. Q1, R3, R4, and C1 constitute a 4-cps uni- 
junction oscillator whose output drives 4 3  to  saturation. Because Q3 
is normally biased off, a negative-going pulse is generated a t  i t s  col- 
lector when it becomes saturated. 
Q4 and Q5, via C2, C3, and the steering diodes D1 and D2. The outputs 
of the flip-flop control search clamps Q7 and Q8 of the magnetometer 
amplifier G13 (Figure 45). The base of Q6 receives the photocell signal 
via the magnetometer amplifier and the telemetry f i l ter  amplifier. This 
route was taken to  improve the signal-to-noise ratio. If the phase of the 
H-1 cur ren t  is such that an oscillatory condition exists, a signal wil l  
appear at the base of Q6. 
Q9 to  saturation. 
is f i l tered to give a dc voltage which turns  Q10 on. 
biased to saturation by R41 and R42. The positive voltage now a t  the 
collector of Q l l  saturates  Q2, thus clamping the output of the sea rch  
oscil lator to  ground. With the flip-flop, Q4 and Q5, now in a fixed 
position, the search clamps within the magnetometer amplifier a r e  
fixed to  give a constant phase output. 

This pulse t r iggers  the flip-flop, 

The positive half of the signal drives Q8 and 
The square wave thus developed at the collector of Q9 

With Q10 on, Q11 is 
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2 .  3.3 H-1 current  attenuator and dr iver  amplifier, G33 (Figure 40) 

It is  the function of this unit to condition the photocell signal, after 
amplification by G13, s o  that it will be suitable for  feedback to the 
H-1 coil. The approximate output is: 

+ 

I I 
I I 

9 kc 13 kc 
f 

Figure 11 - H-1 Current Output 

The leading phase between 9 kc and 13 kc is controlled by R16 and C 5  
in  parallel with R4. The rolloff and subsequent lagging phase is con- 
trolled by C6, R15, Q l ,  and Q Z .  The impedance of C6 and R15 be- 
comes smaller  as the frequency increases ,  causing an attenuation of 
the signal at the base of Q5. The B1-B2 junctions of Q1 and Q2 ac t  as 
variable r e s i s to r s  which a r e  controlled by a dc voltage to their  respec-  
tive emitters. This voltage is  supplied by the frequency analog converter 
(G53). 
Q4. 
impedance H-1 coil. 
is accomplished by R9. 

Q3 i s  used to isolate the attenuator network f rom the amplifier 
Q5 i s  used in an emitter-follower configuration to drive the low- 

Adjustment of the amplitude of the H-1 cur ren t  

2.  3.4 Magnetometer telemetry filter-amplifier, G43 (Figure 48) 

This circuit was designed to improve the signal-to-noise ratio by a 
sharp rolloff beyond 70 kc. 
been reduced to 10 kc, but i t  was not considered practical  to change 
the circuit. The emit ter  followers Q1 and Q Z ,  isolate the f i l t e r  ( L l ,  
LZ, L3, L4, L5, L6, C1, C2, C3, and C5) impedance-wise f rom the 
r e s t  of the circuit. Q3 amplifies the signal to its original amplitude' 
before entering the filter. 

The upper end of the bandwidth has since 

- 4  
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2 . 3 . 5  Frequency analog converter (Figure 49) 

This unit provides a dc voltage which is proportional to the photocell 
signal frequency. The voltage thus developed drives the H-1 current  
attenuator (G33) so  a s  to compensate fo r  H-1 curren t  amplitude vari-  
ation due to  a change in the impedance of the phase shift capacitor 
over the frequency range. 
formation to  drive Q2 as a saturated amplifier. 
is needed because the Freqmeter  i s  dependent upon both the amplitude 
and frequency of the input signal. Q3 and Q4, operating a s  comple- 
mentary emit ter  followers, provide the low-impedance drive source 
needed. 
Freqmeter .  
Q1 and Q2, of G33 (Figure 47).  

Q1 provides the needed impedance t rans-  
This type of amplifier 

Q5 inverts and amplifies the dc output (yellow lead) of the 
Q6 provides the low-impedance drive for the attenuators, 

2. 3 . 6  Magnetometer clipper amplifier, G63 (Figure 50) 

This circuit  t ransforms the output of G43 (Figure 48) to a square wave. 
CR1 and CR2 clip the signal symmetrically about zero. 
signal is amplified by Q2 and Q3 operating a s  a saturated amplifier. 
The output is attenuated by R13 and R14 to comply with the peak-to- 
peak amplitude required by ca rd  4, the gated telemetry amplifier. 

This clipped 

2 . 4  Card 4 (F igures  14, 16, and 51)  

It  is the function of this ca rd  to condition the payload te lemetry in 
accord with a predetermined format* a s  dictated by the encoder and 
with the needs of the Tracking and Data Reduction groups. 

The encoder format consists of three normal sequences and one 
rubidium sequence. During the f i rs t  three (normal) sequences, the 
encoder video is shaped into a clean square wave and passed to the 
t ransmit ter .  During the fourth (Rb) sequence, the encoder video is 
gated off and the Rb-magnetometer video i s  allowed to pass  to the 
t ransmit ter .  It was also necessary to allow the encoder sync channel 
to pass  during this sequence. In order  to have continuous magnetom- 
e t e r  video and a t  the same time allow the encoder sync frequency to 
pass ,  the two a r e  mixed during the 0-all sync channel, with the mag- 
netometer video being attenuated 80 percent. To identify the fourth 

* 
See H. D. White, etc. 
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sequence through the telemetry, a 1010-cps frequency i s  injected 
into the video during the blank t ime of the 0-all sync channel. 
the f i r s t  three sequences, a 975-cps frequency fills in the blank t ime 
of the encoder video. 

During 

2.4.1 Reference-frequency oscillator -975 cps +. 1 percent (Figure 52) 

(Basically, this is the circuit  suggested by Gyrex Corp.,  for  use with 
their  tuning forks). 
tuning fork. The pickup coil, pins 3 and 4 of the tuning fork, drive 91 
from saturation to beyond cutoff. In the cutoff condition, considerable 
overshoot occurs  a t  the collector of Q1 due to the windings of T1 and 
the tuning fork. This overshoot is clipped by D1, acting a s  a normal 
diode. 

Q1 provides the feedback to  the drive coil of the 

Zener action in D1 occurs whenQ1 becomes saturated(Figure 15). 

Q1 SATURATED 

OVERSHOOT 

WAVEFORM AT COLLECTOR OF 0 1  

ZENER VOLTAGE 
OF D1 

NORMALDIODE 
VOLTAGE CF D1 

WAVEFORMAT CATHODE OF D1 

Figure IS- lG4, Card 4, Oscillator Waveforms 

2.4.2 1010 ( f. 1 percent) cps. 
quency oscillator (Figure 52) 

Fourth sequence identification f r e -  

This frequency i s  generated primarily fo r  use as an identification of 
the fourth sequence through the telemetry. 
tains the sequence identification, is not transmitted during the fourth 

Encoder video, which con- 
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(rubidium) sequence. Except f o r  the frequency generated, the circui ts  
of the reference-frequency oscillator and this unit a r e  identical. 

2.4. 3 Gated telemetry mixer-amplifer  (Figure 51) 

Because of the relatively high-impedance output of the encoder, an 
emitter-follower must be used in s e r i e s  with each of its outputs. 
s ider  the conditioning of the encoder video. It was first necessary  to 
rid the waveform of the counting pulses which appeared on the positive 
and negative peaks of the square wave. After shifting the D. C. level 
of the encoder video to zero,  the video is amplified via a pseudo- 
saturated amplifier (Q l ,  Q2, Q3, and Q4). The 24v p-p square wave 
thus developed at the collectors of Q1 and Q4 is then attenuated by R12 
and R13 (Figure 17). 

Con- 

Driven by the Rbon gate, Q14 clamps the encoder video to ground dur-  
ing the fourth sequence. During the sync channel in the fourth sequence 
the 0-all gate turns Q14 off, allowing the encoder sync to mix with the 
magnetometer video. Q13 is biased on by the encoder blank gate dur-  
ing the blank time to give a zero  reference to the trailing edge of the 
video data burst  (Figure 18). 

The video, conditioned a s  in Figure 18, is then coupled to the base of 
Q19, where the blanks a r e  filled in with a 975-cps reference frequency. 
Consider, next, the gating of the reference frequency. The gating of 
this signal is controlled by the blank gate f rom the encoder. Q7 and Q8 
operate as an amplifier to a positive gate. When the blank gate is a t  
t 6 .  7v (burst  time) Q9 becomes saturated, thus clamping the reference 
frequency to ground. When this s ame  gate is a t  -2v, blank time, Q9 
is biased off, allowing the reference frequency to appear at the base 
of Q19, where it fills in the blanks of the encoder video. The te lem- 
e t ry  at  the base of Q19 is as follows: (Compare with Figure 18). 

QlO, activated by the Rbon gate, clamps the reference frequency to 
ground during the fourth sequence. 

The MTM (magnetometer) video is the next consideration. 
sequence consists of a 81.92-second analog burst  attenuated 80 percent 
16 t imes  for . 3 2  second each (channel 0 of each frame). 
ation is accomplished by driving Q16 to saturation with the 0-all  gate 
(Q15). Q17, activated by the Rbon gate, clamps the MTM video to 
ground during the f i r s t  three sequences. 

The fourth 

This attenu- 

. e  
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COUNTING PULSES 

ENCODER VIDEO BEFORE SATURATED AMPLIFIER * t2.1v --- 
ov - - -  

-2.1v - - - 
ENCODER VIDEO AT EMITTER OF 0 2 4  

ov 

-1.2v +**lV --- T-Lm 
ENCODER VIDEO AFTER SATURATED AMPLIFIER AND ATTENUATION 

Figure 17- Encoder Video Waveforms 
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U n 
NOTE ARBITRARY PHASE 
AFTER LONG BURST 

ENCODER VIDEO BEFORE CLAMPING BY Q13 

ENCODER VIDEO AFTER CLAMPING BY Q13 

Figure 18- Formation of Zero Reference Blank Time 

 BURST +I+ BLANK+  BURST^ L/975 cps 

Figure 19-Video With Blanks Filled In 
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MTM VIDEC (NORMAL) 

' MTM VIDEO (ATTENUATED) 
I 

0-ALL CHANNEL m-4 cG-+- SYNC BURST ,-? 
I 

I 

0-AL,L CHANNEL FROM ENCODER I I I 
I I 

I 
MTM VIDEO ATTENUATED AND MIXED WITH ENCODER SYNC 

Figure 20 -Mixing of Magnetometer Video Encoder Sync Burst 

Figure  20 shows the resulting waveforms when the MTM video and 
encoder sync a r e  mixed during the fourth sequence. In addition to 
this, a 1010-cps fourth-sequence identification frequency is also 
mixed with the MTM (attenuated) video during the blank time of the 
0-all channels. Figure 21 shows the formation of this waveform. 

The 1010-cps frequency is mixed with the r e s t  of the video when Q18 
is biased off. 
Q18 is biased on. The bias voltage required to turn i t  off i s  gener- 
ated by the and gate, Q12, between the 0-all  sync gate and the blank 
gate. Q19, the mixing point for  all  video, is a Class  A amplifier 
which drives a pair  of complementary emit ter  followers, Q20 and Q2l. 

Except fo r  the 0-all channel of the fourth sequence, 

The redundancy of the circuit  is operated on a t ime-sharing basis. 
The two channels (Figure 14) drive the t ransmit ter  alternately. 
switching is effected at  the beginning of the fourth sequence. The 
transition of the Rb,, gate f rom t 6. 7v to -2v develops a negative 

The 
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I 

k-. 0-ALL CHANNEL ,-d 
 BLANK - SYNC BURST ,-? 
I I 

I 
MTM VlDEd (ATTENUATED) 

I 

0-ALL SYNC CHANNEL FROM ENCODER 
I 

1 
I 
I 

I 

I I 
I 1OlGcps Fourth SEQUENCE 
I 

RESULTING WAVEFORM WHEN MIXED I 

Figure 21 - Formation of 0-All Channel of Fourth Sequence 

pulse a t  the base of Q55, saturating i t  momentarily. 
pulse thus developed at its collector t r iggers  the flip-flop, Q56 and 
Q57, via the steering diodes D3 and D4. If it is assumed that the 
flip-flop is in such a state that Q57 is saturated, 458  will a lso be 
saturated due to the biasing of Rl2O and R115. With Q57 on, Q56 will 
be off, having about +8v at its collector. This voltage is sufficient to 
bias Q59 off via R124 and R135. In the above condition, the output of 
channel 2 will be driving the transmitter through 458. The next t r ig-  
gering pulse f rom Q55 will  reverse the above condition, switching in 
channel 1 via Q59. 

The positive 
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2. 5 Card 5 (Figures  24 and 53) (programmer  functions only) 

This  card (IG5) contains the undervoltage relay and the electronics 
necessary to f i r e  the squibs that activate the boom erection, yo-yo 
release,  and magnetometer extension mechanisms. 
quence f o r  orbital injection is: 

The timing s e -  

Time 
( Se c ond s ) Event 

T - 180 Star t  despin t imers  ( f rom blockhouse, timer setting 
1780 seconds) 

T t o  Liftoff 

T t  MECO 

T +  Stage 2 ignition 

T t 180 Fair ing separation 

T +  SECO 

T t 364 Spin-up 

T t 370 

T t 396 

T t 1600 

Third-stage ignition (DAC t imer  starts) 

Third- stage burnout 

Despin of spacecraft/stage 3 (+82 seconds spacecraft  
function) 

T t 1870 Paddle erection and (DAC) f187 seconds 

T t 1872 Fluxgate erection 

T t 1880 Separation (DAC) 

T t 1880 Rb -vapor magnetometer extension 

2. 5. 1 Despin t imer  (IG15, IG25, IG35, IG45) (F igures  54 and 55) 

The despin t imer  is a redundapt electronic clock activated f rom the 
blockhouse 180 seconds before liftoff. At the termination of its count, 
1780 seconds la ter ,  its output drives redundant relays. Closure of 
the contacts of these relays fire the squibs that re lease  the yo-yo de- 
spin mechanism. 
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CARD N O . 5  SGNAL DIAGRAM 
Y O - Y O  4 

I I 
RESET 4 

- 
DECADE RELAY 1 
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STOP RESET RESET 
GATE GATE . 
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DECADE RELAY 
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RESET 4 

- 
DECADE RELAY 1 
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SWITCH€ 
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UNDER 
VOLTAGE 
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IC1 O N  4 
\GI OFF 
PRIME CQ N V  ER T E R- 

- - I 
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Figure 24 - Card 5, Signal Diagram 
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The despin t imer  has two major  sections, the oscillator-relay dr iver  
and the magnetic-core counter. 
of the t imer  (IG15 and IG35) (Figure 54) is held inactive by grounding 
pin 4 at the blockhouse through the umbilical cable. 
the anode of D1 i s  a t  about to .  5v. This i s  not enough voltage on the 
emit ter  of Q2 to operate the unijunction oscillator (Q2, C1, R2, R4, 
R5,. R6, R7, and R8). R6 i s  used to temperature compensate the t im- 
ing period (17.8 seconds) of the oscillator. 
R3 and D1. With Q3 off there  is no current drain by Q2. 
ground a t  pin 4 is released, the anode of D1 r i s e s  to B t ,  activating the 
unijunction oscillator Q2. This step in voltage is differentiated by C2, 
R15, and R16, forming a positive pulse a t  the gate of Q4. This pulse 
turns  Q4 on, discharging C3 through its cathode load (R16, R17, R18, 
and the t r e se t  coil of the magnetic-core counter). The discharge of 
C3 develops a positive pulse at  the cathode of Q4. 
the magnetic-core counter and saturates Q5. 
stop pulse f rom the counter to ground. 
explanation of false stop pulse. ) After 1780 seconds, a pulse f rom the 
counter en ters  pin 1, turning Q6 on and discharging the two 270p fd 
capacitors connected to pin 2 through the redundant relay coils. 
pulse developed at  the cathode of Q6 as  a result  of this discharge turns  
Q1 on, removing Bt f rom the unijunction oscillator. 

The oscil lator-relay driver section 

In this condition, 

Also, Q3 is biased off by 
When the 

This pulse rese ts  
Q5 clamps the false 

(See section I1I.A. 2 for fur ther  

The 

The magnetic-core counter used in this unit i s  identical to the one 
used in ca rd  1, except that i t  has a divide-by-100 function instead of 
10, 000. (See 3. 1. 2 for explanation.) 

2. 5. 2 Boom erection 

Erection of the solar  paddles causes two microswitches to close. 
Closure of these switches discharges CI and C2 (Figure 53) through 
the coils of K2 and K3 respectively. 
f i r e  the, squibs that re lease the boom erection mechanism. 

The contacts of these relays 

2. 5. 3 Magnetometer extension 

Third-stage separation causes two microswitches to close. 
of these switches discharge C9 and C10 through the coils of K6 and K7 
respectively. 
coils. 
magnetometer extens ion mechanism. 

Closure 

The diodes D7 and D8 damp the inductive kick of the 
The contacts of these relays f i r e  the squibs that re lease the 
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2. 5.4 Undervoltage relay 

The undervoltage relay, K1, acts  in response to signals f rom the 
undervoltage detector and recycle t imer  ca rd  1). The contacts of 
this relay, connected in parallel ,  ei ther make o r  break the connec- 
tion between the batteries and the pr ime converter. 

2.6 Card 6 (Figures  27 and 53) 

The Miller t imer s  ca rd  (IG6) houses two electrochemical t imers  to 
terminate operation of the satellite a t  the end of 1 year.  
a r e  used f o r  redundancy to ensure against a possible premature 
opening of either t imer  switch, which would reduce the life of the 
satellite. The t imer  switches a r e  connected in parallel  with each 
other and in se r i e s  with the solar  paddles and the payload batteries. 
At the end of 1 year,  the solar  paddles a r e  disconnected f rom the bat- 
ter ies .  This opening is monitored through telemetry,  giving a check 
of the timing accuracy. 
batteries until they dissipate in approximately 2-  1 /2  hours under full 
load. 

Two t imers  

The satellite will continue to operate on the 

The t imers ,  developed fo r  GSFC by Miller Research  Laboratories 
of Baltimore, Maryland, contain a U. S .  Navy-developed electrochem- 
ical  cell  a s  the timing unit. The cell  is filled with a lead fluoroborate 
electrolytic solution. Immersed in the solution is a lead pellet affixed 
to a silver wire that spring-loads a plunger at the end of the cell. The 
period of the timing function is determined by the deplating action of 
the polarizing current  on the lead pellet plus the etching action of the 
current  on the si lver wire. The rupture of the s i lver  wire re leases  
the plunger, actuating a microswitch which disconnects the solar  pad- 
dles f rom the batteries.  The polarizing cur ren t  required f o r  any given 
time interval may be determined by the relation: 

270 mil l iamperes  - hours 
polarizing cur ren t  (ma) 

t (hours) = 

The actual time interval will be t hours plus approximately 5 percent 
for  the etching of the si lver wire. 
hours), the polarizing cur ren t  required is 30. 8 microamperes .  This 
cur ren t  is derived f rom the undervoltage detector ca rd  (IG1) by appli- 
cation of the regulated output f rom the undervoltage converter through 
the current-limiting res i s tors  R3 and R4 (located on IG1). 

F o r  use as a 1-year t imer  ( t  = 8760 
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3. Interfaces 

3.1 Card  1 

3. 1. 1 Input 

a. 
monitoring of their  voltage var ies  from lOOpa to 160pa due to change 
in battery voltage. 

Batteries - The current  drain directly from the batteries due to 

b. 
in the normal  and undervoltage conditions is 3 ma and 10 m a  respec- 
tively, a t  t12 volts. 

Undervoltage converter - The current drain f rom this converter 

c. 
able a t  this plug. 

Turn-on plug - The oscillator reset  function of card  1 is avail- 

3. 1 . 2  output 

a. Undervoltage relay - The relay is a 2PDT unit whose coils (on 
and off) a r e  150 ohms each. The off coil receives a pulse of t12v 
f rom the decade oscil lator when an undervoltage condition occurs. 
This relay may also receive a positive pulse f rom the blockhouse 
through the umbilical cable. 

b. 
a cur ren t  of 30. 8 p a  directly from +12v within ca rd  1. 
causes  the t imers  to open the line between the solar  cells and the 
batteries after a period or' 1 year. 

One-year t imer s  - The 1-year Miller t imers  a r e  furnished with 
This cur ren t  

c. 
8 hours to approximately 7 minutes by utilizing the speed-up function 
available a t  this plug. The ra te  of this oscil lator may also be moni- 
tored at this plug. 

Payload tes t  plug - The undervoltage t ime may be reduced from 

3.2 Card  2 

3.2. 1 Input 

a. 
units have emitter-follower inputs which present  an impedance of 
approximately 1 megohm o r  greater  to the Rbon output of the encoder. 

Encoder - (1) Gas-cell  thermal control (G-12 and G-72) - These 

49 



(2 )  Minus magnetometer cal ibrator  (G-22) - Due to a blocking 
diode, the Rb, gate dr ives  an essentially infinite impedance when i t  
is t 6 .  7v. When the gate is a t  -2v, i t  s ees  an impedance of approxi- 
mately 95  k ohms. 

( 3 )  Plug magnetom'eter calibrator (G-32) - When the Rb, gate is 
at t 6 .  7v, it sees  an almost infinite impedance due to a blocking zener 
diode which is not conducting at this point. 
however, zener action occurs and a 22K ohms impedance is  seen. 

When the gate goes to -2v, 

(4) Fluxgate cal ibrator- t imer  A and B (G-42 and 52) - The flux- 
gates A and B a r e  ac-coupled to these units, thus a high input imped- 
ance results in the steady state at either t 6 .  7v o r  -2v. 
transition t ime between these extremes is utilized, and here  a very  
low impedance is presented. 

Only the 

( 5 )  Lamp-star ter  gate (G-62) - This c i rcui t  is coupled to the 
encoder by means of an emitter-follower which reflects an impedance 
of 500 K ohms. 

b. 
card  i s  17  m a  a t  t12v and 13 m a  at  -12v. 

Programmer-converter  - The maximum curren t  drain by this 

c. Rubidium vapor (Rb) Magnetometer - (1) Gas-cell  thermal  con- 
t ro l  (G-12) - Four  100 K ohms thermistors  in parallel ,  located on 
the heating coil for  the gas cell, provide the input to this thermal  con- 
t ro l  circuitry. This input forms the grounded end of a voltage divider 
a t  the base of a t ransis tor  which actuates a Schmitt tr igger.  

d. Programmer  ca rd  3 - At the beginning of the fourth sequence, a 
positive voltage step is received f rom ca rd  3 if the Rb lamp is not 
operating. 
10 K ohms input impedance. 

This gate dr ives  a grounded emitter-amplifier stage of 

3.3. 2 output 

a. As p e r  outline - (1) Gas cell  thermal  control, (G-12 and G-7-2) - 
These units complete the circuit  supplying power to two heating coils 
by grounding one end of each coil, the other end being connected to the 
battery line. 
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(2)  Minus (G-22) magnetometer calibrators - This unit supplies 
a calibrating cur ren t  to each of two coils. Coil 1 receives a current  
of 1.491 m a  f. 1 percent. Coil 2 receives a cur ren t  of 2. 187 m a  +. 1 
percent, giving a cur ren t  ratio of 1.466. 

(3) P lus  magnetometer calibrator (G-32) - This unit duplicates 
the function of the minus magnetometer calibrator,  except that i t  sup- 
plies cur ren t  to the coils in the reverse  direction (positive). 

(4) Lamp s t a r t e r  gate (G-62) - This unit supplies the gas cell  
with a t 2v-to-zero volts gate for  5 seconds if the cell  is not oscillating 
a t  the beginning of the fourth sequence. 
volts is 7. 5 K ohms. 

The supply impedance at zero 

b. 
With the event of Fluxgate A sync from the encoder, this unit supplies 
a 500-millisecond +11. 5v pulse through a 180-ohm res i s tor  to the 
f luxgat e exp e r im  en t . 

Fluxgate calibrator coils - (1) Fluxgate A calibrator (G-42) - 

(2) Fluxgate B calibrator (G-52) - This unit is identical in i t s  
function to the foregoing, except that it is activated by encoder flux- 
gate B sync. 

3 .3  Card  3 

3.3. 1 Input 

a. Rb outline - The photocell of this experiment is ac-coupled 
through a 39 pf capacitor to a common-emitter amplifier which 
presents  an impedance of approximately 10 K ohms. 

b. 
20 m a  at t12v and 7. 5 m a  at  -12v. 

Programmer-converter  - The total cur ren t  drain to this unit is 

3 .3 .2 output 

a. 
ca rd  3 supplies a l v  r m s  signal to the phase-shift capacitor, a lso 
located within this card,  which passes a current  proportional to the 
frequency of the applied voltage. This current  causes  oscillation 
within the magnetometer and i ts  electronics. 

Outline - The H-1 cur ren t  attenuator and dr iver  amplifier within 
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b. Programmer  card  2 - If the above oscil latory condition exists,  
ca rd  3 presents  a signal of 1 1 . 5 ~  at a 10 K ohm impedance to ca rd  2. 
If i t  is  not oscillating, this signal is zero  volts. 

c. 
10-kc 2. 5v p-p square wave, is amplified in  ca rd  3 at 10 K ohm im- 
pedance and routed via coaxial cable to ca rd  4. 

Programmer  ca rd  4 - The magnetometer video, a 20-cycle to 

3.4 Card 4 

3. 4. 1 Input 

a. 
impedance. 

Encoder - (1) Video - This signal is coupled to a 500 K ohm 

(2) Rb on - This gate sees  an impedance of approximately 1 meg- 
ohm at, both the t6. 7v and -2v positions. 

(3) 0- a l l  sync - This gate drives an impedance of 450 K ohms at 
t 6 . 7 ~  and 250 K ohms -2v. 

(4) Blank gate - When in the t6.  7v position, this gate drives an 
impedance of 130 K ohms. 
of 750 K ohms. 

At the -2v position, i t  dr ives  an impedance 

b. 
Encoder" prepared by H. D. White - Revision A, August 6, 1962), 
Card  4 presents an impedance of 100 K ohms to this card.  During 
the fourth sequence this same impedance becomes approximately 200 K 
ohms, dropping to 120 K ohms during the ze ro  channel of each f r ame  
within this sequence. 

Programmer  ca rd  3 - During sequences 1, 2, and 3 (!!IMP PFM 

c. 
this card a r e  14 m a  at  t12v and 7 ma at -12v. 

Programmer-converter  - The maximum curren t  requirements of 

3.4. 2 output 

Ca rd  4 provides a driving impedance of 10 K ohms o r  less to the t rans-  
mit ter .  
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3. 5 Card  5 (programmer functions only) 

3. 5. 1 Input 

a. Undervoltage converter - Before lift-off, the despin timing 
electronics within this card  will draw 5 m a  at t12v. 
the drain will be 4 m a  at the same voltage. 

After separation, 

b. 
1 is connected to the coils of the above-mentioned under-voltage relay. 

P rogrammer  ca rd  1 - The undervoltage control signal f rom card  

c. 
provides a short  to ground from blockhouse which causes  the despin 
timing electronics within card  5 to remain inactive. 
short  60 seconds before liftoff initiates the despin timing cycle. 
undervoltage relay control signal from the blockhouse also enters  card 
5 through this plug. 

Umbilical plug (a t  the payload shell) - When in place, this plug 

Removal of this 
The 

d. 
a path for  the discharge of a capacitor through the coil of a non- 
latching relay, the contacts of which provide a current  path for  the 
explosive squib bolts that re lease the fluxgate booms. This switch 
closes when the solar  paddles a r e  erected. 

Fluxgate boom microswitch - The contacts of this switch provide 

e. MTM extension microswitch - This switch has the same function 
a s  d. above, except that it is with reference to the MTM extension 
mechanism. It closes with the separation of the third stage f rom the 
payload. 

3. 5.2 output 

a. 
of connecting the payload battery to the despin squibs a t  the proper 
time. 

Despin squibs - The relay contacts within ca rd  5 provide a means 

b. Boom squibs - Card 5 provides the same function as a. above, 
except that it is with reference to the fluxgate boom squibs. 

c. MTM extension squibs - Card 5 provides the same function as a. 
above, except that i t  is with reference to the MTM extension squibs. 
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d. 
nected to the batteries through the contacts of the undervoltage relay. 
The relay is  a Babcock BR-9 2PDT latching type. 
wired in parallel  to increase i t s  current-handling capacity. 

P r ime  converter batteries - The input to this converter is con- 

The contacts a r e  

3.6 Card 6 

3. 6. 1 Input 

a. 
Miller timers* within this card.  

Card 1 - Card  1 supplies a cur ren t  of 30.8 microamperes  to the 

b. 
the batteries through a microswitch within the Miller t imers .  

Solar paddles - The output of the so la r  paddles is connected to 

3 . 6 . 2  Output 

a. See 1.b. above. 

*Developed by Miller Research Laboratories, Baltimore, Md. 
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IMP PROGRAMMER 

L i n e  Change 

- G42 and G52 o u t p u t  p u l s e  w i d t h  from .25 sec. t o  .5 
sec. 

FGA 8z  
FGB 

* 

Fig.12 

28 

Fig.16 

38 t h r u  54 

49 7 

49 9 

49 19 

50 28 

50 29 

51 21  

51 27 

52 9 t h r u  
23 

53 3 

250 Msec. g a t e  gen. to  500 Msec g a t e  gen.  

See H.D. White,  e t c . ,  t o  
See IMP PFM Encoder ,  r e v i s i o n  A ,  August 6 ,  1962,  
by H ,  D. White. 

t u n i n g  f o r k  no. 975.OBX3110BG t o  no. 975CN259SG 

"is as fo l lows : "  t o  "is shown i n  f i g u r e  19." 

"TO RELAY" t o  "TO GATE'' 

D i s r e g a r d  a l l  in fo rma t ion  conce rn ing  F l u x g a t e  Boom 
E r e c t i o n  c i r c u i t r y  as it is no longe r  a programmer 
f u n c t i o n .  

"Undervol tage c o n v e r t e r "  t o  "Undervol tage r e g u l a t o r "  
. J  

"+12 v o l t s "  t o  " + l O . l  v o l t s "  

"+12v" t o  "+lo .1V" 
"3.3.2 Output" t o  "3.2.2 Output"  

"AS p e r  o u t l i n e - "  to  "Rubidium Vapor (Rb) 
Magnetometer -" 
"Rb o u t l i n e "  t o  "Rubidium Vapor (Rb) Magnetometer" 

"Outl ine-"  t o  "Rubidium Vapor (Rb) Magnetometer -" 
I n p u t  impedance of Card 4 t o  a l l  s i g n a l s  is now i n  
e x c e s s  of .5 Megohms. 

"Undervol tage c o n v e r t e r "  t o  "Undervol tage r e g u l a t o r "  

The Undervol tage  Conver te r  (S74IP8) has  been r e p l a c e d  by a 
redundan t  Undervol tage  Regula tor  (S74IG7) which is s u p p l i e d  by 
t h e  Programmers S e c t i o n .  


